BACKGROUND: Being devoid of de novo protein synthesis capacity, red blood cells (RBCs) have evolved to recycle oxidatively damaged proteins via mechanisms that involve methylation of dehydrated and deamidated aspartate and asparagine residues. Here we hypothesize that such mechanisms are relevant to routine storage in the blood bank.
RESULTS:
In these units, methionine consumption positively correlated with storage age and oxidative hemolysis. Mechanistic studies show that this phenomenon is favored by oxidative stress or hyperoxic storage (sulfur dioxide >95%), and prevented by hypoxia or methyltransferase inhibition. Through a combination of proteomics approaches and 13 Cmethionine tracing, we observed oxidation-induced increases in both Asn deamidation to Asp and formation of methyl-Asp on key structural proteins and enzymes, including Band 3, hemoglobin, ankyrin, 4.1, spectrin beta, aldolase, glyceraldehyde 3-phosphate dehydrogenase, biphosphoglycerate mutase, lactate dehydrogenase and catalase. Methylated regions tended to map proximal to the active site (e.g., N316 of glyceraldehyde 3-phosphate dehydrogenase) and/or residues interacting with the Nterminal cytosolic domain of Band 3.
CONCLUSION: While methylation of basic amino acid residues serves as an epigenetic modification in nucleated cells, protein methylation at carboxylate side chains and deamidated asparagines is a nonepigenetic posttranslational sensor of oxidative stress and refrigerated storage in anucleated human RBCs.
R ed blood cells (RBCs) are the most abundant host cell in the human body, accounting for approximately 83% of cells in a 75-kg adult. 1 To maximize oxygen-carrying capacity, mammalian RBCs lose their nuclei and organelles during the maturation process, allowing maximum cell loading with hemoglobins and thus oxygen. While carrying and delivering oxygen to tissues during their approximately 120-day life span, RBCs are constantly challenged by oxidative stress. However, though devoid of de novo protein synthesis capacity, RBCs preserve redox homeostasis through antioxidant defenses at the protein and metabolic level. Thus, RBCs present both one of the simplest and most fascinating models for biochemical studies of oxidative stress responses.
Tissue reoxygenation through RBC transfusion is the most frequent medical procedure worldwide to treat hypoxia secondary to injury and disease. Each year, approximately 11 million units are transfused in the United States alone, 2 a feat made possible by over 100 years 3 of investigations on RBC preservation strategies that afford refrigerated storage for up to 42 days. While necessary, cold liquid storage induces biochemical and morphological alterations termed the storage lesion(s). 4 The recent introduction of omics technologies in transfusion medicine has helped elucidate the extent and progression of the storage lesion(s). 5, 6 Mass spectrometry (MS)-based approaches have highlighted an impairment in energy and redox homeostasis after Storage Week 2, resulting in the decrease of adenosine triphosphate and 2,3-diphosphoglycerate, both relevant to binding and offloading of oxygen by hemoglobin. In addition, oxygen saturation and accumulation of reactive oxygen species 7 are observed between Storage Weeks 2 and 3, ultimately resulting in irreversible oxidation of purines, 8 lipids 9 and proteins (including carbonylation, 10, 11 nonenzymatic glycation 12 and thiol oxidation [13] [14] [15] [16] [17] [18] [19] ). These considerations, combined with systems biology-based elaborations of omics data, [20] [21] [22] reveal the potential of blood bank storage as a medically relevant model of oxidative stress to RBCs. While the clinical impacts of the storage lesion(s) are under investigation, elegant studies in animals 9, 23, 24 and preliminary data in humans 8, [25] [26] [27] [28] suggest that such alterations may impact RBC posttransfusion recovery and in vivo extravascular hemolysis. However, randomized clinical trials [29] [30] [31] [32] have shown that current standards of practice are noninferior to administration of the freshest units available. This apparent disconnect may underscore biological variability as a critical factor in RBC biology, storability, posttransfusion recoveries, and metabolic responses to oxidative stress and hemolysis. [33] [34] [35] To examine donor variability in a large prospective clinical cohort, the REDS-III (Recipient Epidemiology and Donor Evaluation Study) RBC-Omics protocol enrolled 13,403 blood donors of different race-ethnicities, sex, age, and prior donation intensity to determine how donor biology impacts propensity to hemolysis at the end of in vitro storage following a pro-oxidant insult with 2,2 0 -azobis-2-methylpropanimidamide dihydrochloride. 36 Donors showing extreme oxidative hemolysis measurements (as well as other spontaneous and stress hemolysis phenotypes not reported in this manuscript) at Storage Day 42 (<5th and >95th percentile) were recalled and invited to donate a second unit, which was stored under routine blood bank conditions and sampled at Storage Days 10, 23, and 42 to test oxidative hemolysis as well as to perform metabolomics analyses on a subset of these. Leveraging the power of the RBCOmics study, here we report the results of a quantitative measurement of methionine, one of the most significant metabolites consumed in stored RBCs in different additives. 37 We report that methionine consumption rates correlate with storage duration but also with donor-dependent RBC propensity to hemolyze when exposed to oxidative insults. [39] [40] [41] [42] [43] [44] identified aspartate methylation of RBC membrane proteins in response to aging or pathologic oxidative stress, such as in glucose-6-phosphate dehydrogenase deficiency or Down syndrome. While methylation of histones impacting ribonucleic acid transcription is a key epigenetic modification in nucleated cells, it is interesting to note that specific methyltransferase enzymes exist in human RBCs to methylate oxidized isoaspartate moieties formed from the deamidation/dehydration of asparagine/aspartate residues following oxidative insults. 43 Here, we build on these classical studies to demonstrate that oxidative stress promoted by RBC storage in the blood bank is sufficient to induce methylation of membrane proteins and previously unidentified targets.
13
C-methionine tracing experiments in normoxia, hypoxia, and hyperoxia/oxidative-stress reveal a dependency of isoaspartate methylation on sulfur dioxide (SO 2 ) and oxidative stress status. Finally, structural modeling of methylated isoaspartate residues is utilized to discuss the implications on stored RBC metabolism and the potential advantages of alternative storage strategies that attenuate the oxidative injury, such as anaerobic storage. 45 
MATERIALS AND METHODS
Commercial reagents were purchased from Sigma-Aldrich unless otherwise noted.
REDS-III RBC-Omics samples
Donor selection and recruitment for the RBC-Omics study was described by Kanias et al. 36 Donors were enrolled at the four participating REDS-III US blood centers. Overall, 97% (13, 403) N]methionine) at 1 μM final concentration. Samples were vortexed and insoluble material pelleted as described. 5, 37 UHPLC-MS metabolomics Analyses were performed using a UHPLC system (Vanquish, Thermo Fisher) coupled online to a mass spectrometer (Q Exactive, Thermo Fisher). Samples were analyzed using a 3-minute isocratic condition 46 or a 9-minute gradient as described. 37 Solvents were supplemented with 0.1% formic acid for positive mode runs and 1 mM ammonium acetate for negative mode runs. MS acquisition, data analysis, and elaboration were performed as described. 37 
RESULTS
Methionine consumption correlates with oxidative hemolysis and fuels S-adenosylmethionine/ S-adenosylhomocysteine-dependent methyltransferases in samples from the REDS-III cohort Small-scale metabolomics studies of stored RBCs have shown a time-dependent accumulation of all amino acids in the supernatant, with the notable exceptions of glutamine and methionine, both building blocks for glutathione biosynthesis. 47 In particular, methionine metabolism generates cysteine via the transsulfuration pathway. In previous studies, we utilized metabolic tracing of stable isotope-labeled glutamine in stored RBCs, 37 ,48 while here we focused on the role of methionine in RBC responses to storage-induced oxidative stress. In the RBC-Omics study, end-of-storage leukoreduced RBCs from 8502 US blood donors were screened for their hemolytic propensity following oxidative insult with 2,2 0 -azobis-2-methyl-propanimidamide dihydrochloride. 49 Extreme hemolyzers (<5th and >95th percentile)
as well as donors with midrange findings on end-of-storage hemolysis parameters were recalled to donate second whole blood units approximately 2 to 6 months later, which were processed into leukoreduced RBC components and stored for 10, 23, and 42 days prior to sampling and new measurements of oxidative (and spontaneous and other stressinduced) hemolysis on intact RBCs; targeted quantitative measurement of methionine was performed on selected cryopreserved aliquots of RBCs derived from 200 recalled donations (599 total samples tested; Fig. 1A ). A significant but moderate positive correlation was observed between oxidative hemolysis measurements during the first phase and the recall phase of the study, 49 indicating the stability and donor dependency of this parameter. As shown in Fig. 1B , methionine levels decreased significantly during storage of samples obtained from the RBC-Omics recalled donors, from 5.8 AE 2.9 μM at Storage Day 10 to 1.2 AE 0.9 μM at Storage Day 42. However, when focusing on the 20 extreme highest and lowest hemolyzers among the recalled donors, methionine levels differed significantly at Day 10, while they did not at later time points (Fig. 1C) , indicative of significantly higher methionine consumption in high oxidative hemolyzers (Fig. 1D ). Low oxidative hemolyzers were characterized by significantly higher levels of methionine derivatives Sadenosylhomocysteine (SAH) and S-adenosylmethionine (SAM), but lower levels of homocysteine and cysteine ( Fig. S1 , available as supporting information in the online version of this paper), suggesting that methionine catabolism fueled biochemical pathways aside from glutathione homeostasis ( Fig. 1E ), consistent with previous findings of impaired glutathione synthesis in stored erythrocytes. 37, 38 Given the elevated levels of SAH and SAM, we next turned our focus to protein methylation as a possible consequence of increased methionine consumption.
Human RBCs contain several protein methyltransferases that catalyze the esterification of side-chain carboxylates
Protein methylation is a well-established epigenetic modification in nucleated cells. However, owing to the lack of nuclei and the apparent simplicity of the RBC proteome, we questioned whether RBCs were equipped with the protein machinery to introduce this posttranslational modification.
Through a combination of protein-level gel electrophoresisbased fractionation 50 and peptide-level high pH reversephase preparative scale chromatography, each followed by nano-UHPLC-tandem MS, we identified a series of protein methyltransferases (Table S1 , available as supporting information in the online version of this paper), the most abundant across data sets consistently being protein L-isoaspartate O-methyltransferase (PCMT1; Fig. S2 , available as supporting information in the online version of this paper). PCMT1 methylates isoaspartates formed via dehydration and deamidation of aspartate and asparagine residues, respectively (Fig. S2A) . Isoaspartate formation has been noted in RBC aging 51 and is elevated in membrane proteins in response to oxidative stress. 52 A similar activity is performed by the protein glutamate O-methyltransferase, confidently identified in the cytosol of mature RBCs in our proteomics analysis (Fig. S3 , available as supporting information in the online version of this paper).
69
Isoaspartate and glutamate O-methyltransferases in mature human erythrocytes catalyze widespread protein methylation, especially of the band 3 Nterminus
After confirming the presence in human RBCs of methyltransferases that esterify side-chain carboxylates, we mined our deep proteomics data of cytosolic and membrane RBC proteins to map methylated aspartate and glutamate residues, as well as deamidated à methylated asparagine residues. Results (extensively reported in Table S2 , available as supporting information in the online version of this paper) included a long series of proteins involved in structural integrity, RBC vesiculation and ion homeostasis, redox reactions and protein degradation, glycolysis, (calcium) signaling components, and hemoglobins ( Fig. 2A lists abbreviated Uniprot names for top hits in each group). In particular, we noted that the Anion Exchanger 1, also known as Band 3 protein, was extensively methylated in the N-terminal cytosolic domain on D, E, and deamidated N residues (Fig. 2B) . Many of the methylated residues are located on amino acid sequences previously reported to mediate the interface of this very acidic N-terminus with structural proteins (including ankyrin) and functional proteins (including deoxyhemoglobin and glycolytic enzymes, such as glyceraldehyde 3-phosphate dehydrogenase [GAPDH], phosphofructokinase; and aldolase [ALDOA]; Fig. 2B ). [53] [54] [55] [56] [57] Of note, the very N-term of Band 3 is usually not observed in routine proteomics workflows, owing to the absence of trypsin cleavage sites, resulting in a 56-residue peptide. Here, identification and acquisition of high-resolution spectra of peptides in this region, including methylation of residues D6/D7 (Fig. 3A) and D38 (Fig. 3B ) was made possible by extensive offline prefractionation of peptides. Of note, this N-terminal Band 3 peptide (an intrinsically disordered region of the protein that has hitherto eluded structural characterization) has been modeled to fold next to the N-term residues 330-391, 57 proximal to the transmembrane domain, both regions appearing to be extensively methylated in our data set ( Fig. 3C and D; Fig. S4 , available as supporting information in the online version of this paper).
Extensive methylation of the "transport metabolon" and interacting partners, including hemoglobin, ankyrin, GAPDH, and ALDOA Elegant work from Low's group has identified the N-term of Band 3 as a "transport metabolon," that is, a docking site for key functional and structural proteins with functional implications on structural and glycolytic homeostasis. [53] [54] [55] [56] [57] Notable entries among these interacting partners are deoxyhemoglobin and peroxidized hemoglobin (hemichrome), two key players in RBC oxygen transport and mediators of oxidative stress to membrane components. Here, we map for the first time, to our knowledge, a series of D, E, and deamidated N residues on hemoglobin alpha and beta chains methylated in human RBCs (Fig. 4A) , with most residues mapping on the surface of the globin tetramer, particularly on residues flanking the prosthetic group ( Fig. 4B and  C) . Of note, the negative charge of the very N-term of Band 3 has been proposed to mediate the interaction with deoxyhemoglobin by stabilizing its T-state, in like fashion to adenosine triphosphate and 2,3-diphosphoglycerate. Here, we show that residues in both the N-term and in a Band 3 region that interfaces with the N-term are extensively methylated. Similarly, the negatively charged very N-term of Band 3 is known to interact with glycolytic enzymes, including GAPDH, an interaction that has been modeled to occur in the active site pocket of the GAPDH tetramer (Fig. S5 , available as supporting information in the online version of this paper). 58 Methylation of D and deamidated N in GAPDH were confidently observed here, particularly in residues facing the active site of the enzyme and flanking the active C152 (e.g., N155; Fig. 5A through D; Fig. S5A through C) . In particular, residues like N316 (identified to be deamidated and methylated) are separated by less than 3.0 ångströms from the bound substrate (Fig. 5 ). An estimated linear length for the methyl ester (−OCH 3 ) of greater than 2.5 ång-ströms is considerably longer than the 0.96 ångströms O-H [Color figure can be viewed at wileyonlinelibrary.com] bond length for this unmethylated (and protonated) side chain. Thus, methylation of negatively charged residues facing the active site is predicted to alter microenvironment polarity and/or facilitate access to the active site for coenzyme nicotinamide adenine dinucleotide and substrate glyceraldehyde 3-phosphate (Fig. 5) . In addition to Band 3-interacting partners, we identified extensive methylation and deamidation à methylation of several structural proteins that preserve the integrity of the erythrocyte membrane skeleton, such as Ankyrin, spectrin beta, protein 4.1, and erythrocyte membrane protein 55 kDa (Table S2 ; Figs. S6 through S8, available as supporting information in the online version of this paper). Similarly, glycolytic enzymes-some of which are known to interact with Band 3-were methylated in D, E, R, and deamidated N residues, mapping to the active site of many enzymes (e.g., R56 and N361 in ALDOA; N17 and N190 in bisphosphoglycerate mutase; N108 and N138 of lactate dehydrogenase; Figs. S9 through S11, available as supporting information in the online version of this paper). Of note, key antioxidant enzymes or enzymes involved in glutathione homeostasis like catalase were found to be extensively methylated proximal to their catalytic site (Fig. S12 , available as supporting information in the online version of this paper).
Hemoglobin oxygen saturation modulates methionine consumption in stored RBCs
Modulation of hemoglobin SO 2 has been shown to mitigate (via hypoxia) or promote (via hyperoxia) oxidative stress in stored RBCs, as determined by direct measurements of glutathione homeostasis 59 and oxidation of thiol groups in cysteine residues involved in key enzymatic functions: in hemoglobin (e.g., hemoglobin beta C93), GAPDH (C152 and C156), and peroxiredoxin 2 (C51 and C172). 14, [17] [18] [19] 60 Here, we hypothesized that methionine consumption promoted by oxidative stress would be attenuated or promoted by hypoxic or hyperoxic storage, respectively (Fig. 6A) . Leukocyte-filtered packed RBCs (n = 4) were stored at 4 C for up to 42 days under normoxic (no control of oxygen tension), or controlled hyperoxic (SO 2 >95%) or hypoxic conditions (SO 2 = 20, 10, 5, or <3%; Fig. 6A ). Consistent with the hypothesis, methionine consumption was significantly attenuated by hypoxia, with SAM conversion to SAH reduced in hypoxic storage and promoted by hyperoxic storage. Dose-response-like distributions were observed only for SAM, whose consumption decreased proportionally to the degree of hypoxia (Fig. 6B) . While no significant increases were observed in extracellular levels of homocysteine across groups, intracellular levels of homocysteine, cysteine, and folate metabolism intermediates (methenyltetrahydrofolate and methylenetetrahydrofolate) were observed in hypoxic RBCs proportionally to hypoxia (Fig. S13 , available as supporting information in the online version of this paper).
Oxidative stress promotes methionine consumption, as gleaned with 13 C, 15 N-methionine tracing metabolomics
To determine whether increased methionine consumption in RBCs stored under hyperoxia (SO 2 >95%) was indeed due to oxidative stress, we incubated fresh RBCs (n = 4) with pro-oxidants methylene blue or hypoxanthine (100 μM) + xanthine oxidase (Fig. S14 , available as supporting information in the online version of this paper). These treatments promote oxidative stress either indirectly or directly: 1) methylene blue conversion to leukomethylene blue by biliverdin reductase B consumes the main reducing cofactor in antioxidant reactions, nicotinamide adenine dinucleotide phosphate 61 ; 2) hypoxanthine oxidation to urate by xanthine oxidase generates H 2 O 2 . 8 Incubation for 1 and 3 hours of each pro-oxidant significantly promoted methionine consumption (Fig. S14 , available as supporting information in the online version of this paper). In the light of these observations, we incubated leukocyte-filtered fresh packed human RBCs in additive solution-3 supplemented with 1 mM [ 13 C 5 , 15 N]methionine. This approach allows the tracing of methionine catabolism through the SAM/SAH pathway, the transsulfuration pathway (Fig. 7A ) and alternative pathways (including direct methionine oxidation, the transamination pathway, and purine catabolism/polyamine synthesis; Fig. S15A through F, available as supporting information in the online version of this paper). Upon incubation with heavy methionine, RBCs were stored at 4 C for 0, 1, and 16 hours under normoxic or hypoxic conditions, in the presence or absence of the methyltransferase inhibitor adenosine dialdehyde. Additionally, RBCs were exposed to H 2 O 2 (0.1 and 0.5%) under normoxic or hypoxic conditions. Incubation with H 2 O 2 greater than 0.5% caused excess lysis within the time window tested here (data not shown). Consistent with previous studies, 59 hypoxia preserved glutathione homeostasis and increased reduced glutathione/ (Fig. S16 , available as supporting information in the online version of this paper). Hypoxia decreased methionine uptake and consumption, respectively, while an opposite effect was observed in response to H 2 O 2 ( Fig. 7B and C N] methionine to an adenosyl moiety (Fig. S15A) . Inhibition of methyltransferases decreased consumption of methionine and labeled SAM (Fig. 7D) . Labeled SAM/SAH ratios increased with methyltransferase inhibition, and decreased in normoxic RBCs exposed to H 2 O 2 (Fig. 7E ). Methionine consumption (Fig. 7B and C) and oxidation to methionine sulfoxide (Fig. S15D) were comparable in hypoxic and normoxic RBCs incubated with H 2 O 2 , suggesting that the benefits observed in untreated hypoxic RBCs are attributable to decreased oxidative stress in this group in the absence of pro-oxidant stressors. Of note, hypoxia promoted the transamination pathway (2-hydroxy-4-methylthio-butanoic acid and glutamate, though accounting for less than 1% of total RBC glutamate; Fig. S15F) . Consistent with previous studies on adenine tracing in stored RBCs, 62 less than 90% of methylthioadenosine was labeled at 16 hours of incubation with heavy methionine in all groups, especially in response to inhibition of methyltransferases (Fig. S15C) , though the contribution of this pathway to total polyamine synthesis was less than 5% (Fig. S15A) .
Hypoxia limits storage-or oxidative stress-induced protein methylation
Since methionine consumption was decreased in hypoxic storage while promoted in hyperoxic storage (Fig. 6B) , we hypothesized that protein methylation was decreased in the former group and increased in the latter in comparison to normoxic RBCs. Indeed, asparagine deamidation in the Nterm cytosolic domain of Band 3 was elevated in hyperoxic RBCs at Storage Day 1 relative to normoxia and increased over storage in normoxic, hypoxic, and hyperoxic RBCs, especially in the hyperoxic group (n = 4; Fig. 7F ). While minor differences were observed across groups in terms of N deamidation, quantitation of methylated D or deamidated à methylated N residues of all proteins, including Band 3 ( Fig. 7G) (Fig. 7H) . No significant changes were observed between normoxic and hypoxic RBCs within a 16-hour time window, consistent with the observation that changes between these two groups are observed only after prolonged storage (up to 42 days in Fig. 7G ). Results are tabulated extensively in Table S3 (available as supporting information in the online version of this paper), along with quantitative measurements as peak areas of precursor ions for 13 C-methylated peptides.
DISCUSSION
Nonepigenetic methylation of proteins at carboxylic acid side chains was first described in the 1960s. 63 More recently, studies have documented increased asparagine deamidation and aspartate methylation in RBCs in response to senescence, aging, Down syndrome, and glucose-6-phosphate dehydrogenase deficiency. [39] [40] [41] [42] [43] [44] In RBCs, where de novo protein synthesis is impeded by the lack of translation machinery, oxidative stress-induced protein methylation is a recycling strategy to convert a fraction of isoaspartate moieties back to the L-aspartate form. 51 Being devoid of nuclei, RBCs are an ideal model to study nonepigenetic methylation of human proteins. Despite the groundbreaking nature of earlier studies, only with the development of recent technologies has extensive mapping of methylated D and deamidated N residues become possible. Here, we used a combination of sophisticated proteomics and metabolic tracing techniques to provide temporal and spatial resolution of methylation and to infer potential functional relevance. For example, we report that the N-terminal cytosolic domain of Band 3 is methylated along with other crucial regions of Band 3 that interact with deoxyhemoglobin, glycolytic enzymes, and structural proteins. [53] [54] [55] [56] [57] Fine tuning of such interactions modulates metabolic responses to hypoxia, such as at high altitude. [64] [65] [66] While the full picture of how such methylation impacts structure and protein-protein If RBCs are an optimal model to investigate nonepigenetic modifications, their storage in the blood bank offers a clinically relevant scenario where these modifications may impact the efficacy of current transfusion practices. Access to approximately 600 stored RBC samples collected in the REDS-III RBC-Omics study allowed for evaluations of donors whose RBCs reproducibly hemolyzed more or less in response to oxidative stress. Despite the lack of a Day 0 baseline, in RBCs from these donors, oxidative hemolysis correlated with methionine consumption (and SAM conversion to SAH) from Storage Day 10 to 23 and 42. We thus combined mechanistically focused experiments (in the presence of oxidative insults or controlled hypoxic vs. hyperoxic storage conditions) to show that the redox status impacts methionine uptake, consumption, and subsequent protein methylation. Of note, since methionine is not present in common storage additives (here Additive Solutions 1 and 3), only consumption of endogenous methionine was observed in the RBCOmics cohort and the controlled SO 2 -storage samples. Here, storage in the presence of heavy methionine indicated that methionine supplementation to stored RBCs may boost protein recycling and aid in reactive oxygen species scavenging. However, excess methionine metabolism via the transsulfuration pathway could negatively impact recipients with accumulation of homocysteine, a metabolite associated with thromboembolic complications in adults with homocysteinuria. 68 On the other hand, hypoxic storage represented a viable strategy to prevent oxidative stress, reducing methionine consumption and, ultimately, protein methylation.
CONCLUSION
In the present study, we mapped methylation of D, E, and deamidated N and Q residues in structural RBC proteins and glycolytic/antioxidant enzymes as a function of oxidative stress or refrigerated storage under blood bank conditions (Fig. 7I) . The results are suggestive of a widespread mechanism that RBCs exploit to attempt recycling of oxidatively modified residues. This phenomenon had been previously described as a function of human aging, RBC senescence, and pathologies associated with oxidative stress, but never before with respect to RBC storage in the blood bank. Mapping of methylated residues and tracing with stable isotope tracers allowed for the first time to infer structural and functional implications of this posttranslational modification in key structural (Ankyrin, protein 4.1, spectrin) and functional (Band 3, GAPDH, ALDOA, bisphosphoglycerate mutase, LDHA, catalase) proteins in human RBCs and, predictably, in other more complex cell types. 
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